A Gram-stain-negative and rod-shaped bacterial strain, 12-OD1 T , with rock phosphate solubilizing ability was isolated from agricultural soil in Hailun, Heilongjiang, PR China. The isolate was affiliated to the genus Massilia, based on 16S rRNA gene sequence alignments, having the highest similarities with Massilia putida6 NM-7 T (98.67 %), Massilia kyonggiensis TSA1 T (98.28 %), and Massilia norwichensis NS9 T (98.07 %), respectively. The DNA G+C content was 67.72 mol% and DNA-DNA hybridization showed low relatedness values (less than 47 %) between strain 12-OD1 T and other phylogenetically related species of the genus Massilia. The predominant isoprenoid quinone was Q-8 and the polar lipid profile comprised diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. The major fatty acids were C 17 : 0 cyclo (25.4 %), C 16 : 0 (23.4 %) and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (22.5 %), which differentiates it from close relatives within the genus Massilia. Combined genetic, physiological and biochemical properties indicate that strain 12-OD1 T is a novel species of the genus Massilia, for which the name Massilia phosphatilytica sp. nov., is proposed, with the type strain 12-OD1
The genus Massilia was firstly described in blood isolations of an immunocompromised patient [1] . Since then, abundant species have been isolated from different environments, including soil [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , drinking water [12] , air [13] [14] [15] [16] , ice core [17] [18] [19] and a clinical specimen [20] . Members of the genus Massilia have extensively shown polyhydroxyalkanoate (PHA) accumulation [8, 21, 22] , however, the ability to solubilize rock phosphate has not been reported.
Phosphorus (P) is crucial to the productivity of crops in agro-ecosystems. Rock phosphate is the most common source and it has been massively transferred from natural land to farms for P fertilizers and food production [23] . However, the strong fixation effect of soil buffering systems has hindered the effectiveness of P solubilization and assimilation [24] . To gain greater crop harvest yields, the P fertilizers were frequently applied to soils, leading to an increasing dependence on rock phosphate exploitation [25] . Phosphate-solubilizing bacteria (PSB) is undoubtedly a powerful driving force to significantly enhance soil P mobilization [26] . Current studies have proved the benefits of PSB to phosphorus uptake and plant growth [27] , but the genus Massilia has not yet been included.
In the present study, strain T was one of the PSBs isolated from a soil used for long-term crop growth in Hailun, Heilongjiang, PR China (47 26¢N, 126 38¢E) during a study of the microbial diversity of PSBs. The soil sample was randomly mixed from 5 cores of surface bulk soil (0-15 cm) within one hectare and stored at À70 C. To isolate strains of PSB , the soil solution was serially diluted to 10-thousand-fold with distilled water (1 :10000, w/v) and 100 µl was spread on a Pikovskaya (PVK) medium plate [28] with some modifications [l
À1
: glucose, 10 g; (NH 4 ) 2 SO 4 , 0.5 g; NaCl, 0.2 g; KCl, 0.2 g; MgSO 4 .7H 2 O, 0.1 g; MnSO 4 .H 2 O, 0.002 g; FeSO 4 .7H 2 O, 0.002 g; hydroxyapatite, 5 g; bromocresol purple, 0.05 g; agar, 20 g; pH, 7.0-7.5] for 48 h incubation at 30 C. Bromocresol purple is a pH indicator that distinguished PSB from other bacteria as P solubilization by PSB was usually accompanied with proton excursion and hence pH change [26] . Strain 12-OD1 T was one of the colonies growing in PVK medium with a colour change and it was isolated for further purification and identification. T could survive in ISP2 and R2A media [8, 18] , but not in Lysogeny-Broth (LB) medium (Fig. S1a) . The colony morphology in PVK medium was yellow, convex in shape with a smooth surface and a maximum diameter of 2.0-3.0 mm after 48 h incubation at 30 C (Fig. S1b) . Gram staining experiments [29] showed that strain 12-OD1
T was Gram-stain-negative. Cell imaging with a scanning electron microscope (S-4800, Hitachi) indicated non-spore-forming rods with many irregular crumbs on the surface, about 0.6-1.0 µm in width and 2.0-3.0 µm in length (Fig. 1) . All of these features are similar to members of the genus of Masiilia [8] with validly published names, except for the surface crumbs.
To confirm the P solubilizing ability of strain 12-OD1 T , the pure colony was inoculated onto liquid PVK medium (without agar and bromocresol purple) for 48 h of shaking incubation (200 g) at 30 C. The P solubilizing potential was defined as orthophosphate released into the medium after centrifugation (12, 000x g, 5 min) and was determined by the molybdate-blue method [30] . The P solubilizing potential increased with time and reached 40.32 µg l À1 in 48 h (Fig. S2) . Additionally, the accompanying organic anions were analyzed by ion chromatography (ICS-3000, Dionex) [31] . Results showed that the total concentration of organic anions increased with time, which was in accordance with the trend of P solubilizing potential, suggesting that strain 12-OD1
T has the ability to P solubilize. C. Original magnification is Â22, 000.
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Massilia lutea 101 T (AY966001) The genomic DNA of strain 12-OD1 T was extracted using Bacterial Genomic DNA Extraction Kit (DP2001, Bioteke) following the manufacturer's instruction. The nearly fulllength 16S rRNA gene amplification was described previously using primer pair 8-27F/1492R [32] . Related taxa and levels of 16S rRNA gene sequence similarities were provided by the EzTaxon server (http://www.ezbiocloud.net/eztaxon; [9] . Phylogenetic analysis with the neighbour-joining and maximumlikelihood methods (bootstrap values based on 1000 replications) were performed with MEGA 6.0 [33] after multiple alignments of 16S rRNA gene sequences by CLUSTER X_2.0 [34] . Results showed that strain 12-OD1 T shared over 95.0 % identities of the 16S rRNA gene with various species of the family Oxalobacteraceae (that includees species of the genus Massilia, Telluria, Rugamonas, Duganella, Herminiimonas, Janthinobacterium and Pseudoduganella) (Fig. 2) (Table S1 ). The comparative structural analysis of 16S rRNA sequences, based on a maximum-parsimony tree, affiliated strain 12-OD1 T phylogenetically to the genus Massilia (Maximum likelihood tree, Fig. 2 ). The neighbour-joining tree also supported the clustering of strain 12-OD1 T with recognized species of the genus Massilia with validly published names (Fig. S3) . 
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To confirm further the affiliation of strain 12-OD1 T , the DNA base ratio was determined according to reversed phase HPLC [35] . The DNA G+C content of strain 12-OD1 T was 67.72 mol%, which is close to other species of the genus Massilia (Table 1) with validly published names. The DNA-DNA hybridization experiments were performed between strain 12-OD1 T and its closest phylogenetic neighbors, M. putida 6 NM-7 T , M. kyonggiensis TSA1 T and M. norwichensis NS9
T using an ultra violet/visible (UV/VIS) spectro photometer (Lambda 35) under optimal hybridization conditions, as described previously [36] . The mean relatedness values were 20.32±1.53 %, 46.22±5.35 % and 33.37±0.01 % between strain 12-OD1 T and M. putida 6 NM-7 T , M. kyonggiensis TSA1 T and M. norwichensis NS9 T , respectively. These values are significantly lower than the the 70 % threshold value recognized to delineate bacterial species [37] .
Optimal growth conditions were determined by incubating at 4, 10, 28, 37, 40, 45 and 55 C and pH tolerance experiments were conducted in TSB medium, as previously described [38] . Results showed that strain 12-OD1
T could grow at 4-37 C (optimum, 28-30 C) and at pH 5.0-8.0 (optimum, 7.0-7.5). Strain 12-OD1 T could not survive on R2A agar in an anaerobic chamber (Bactron IV, Shel Lab) at 30 C.
Phenotypic characteristics, including biochemical properties, carbohydrate assimilation and enzymic activities, were assessed by using API 20NE and API 50CH kits at 30 C (bioM erieux) and differential characteristics with closest relatives of the genus Massilia are listed in Table 1 . We could clearly distinguish strain 12-OD1
T from other strains of species of the genus Massilia due to differential phenotypic characteristics, enzyme activities and carbohydrate assimilations. Other biochemical properties are described in the species description. The predominant respiratory quinone profile was confirmed as CoQ-8 by applying the RP-HPLC method [39] . Using two-dimensional TLC [40] , three dominant polar lipids (diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine) were separated and three unknown lipids were detected (Fig. S4) . The fatty acid profiles were conducted by GC, as previously described [41] , and the results, along with those for phylogenetic neighbours in the genus Massilia, are listed in Table 2. The genetic, chemotaxonomic, physiological and biochemical results presented here suggest that strain 12-OD1
T represents a novel species of the genus Massilia, for which the name Massilia phosphatilytica sp. nov. is proposed.
DESCRIPTION OF MASSILIA PHOSPHATILYTICA SP. NOV
Massilia phosphatilytica (phos.pha.ti.ly¢ti.ca. N.L. neut. n. phosphatum phosphate; Gr. fem. adj. lytike (from Gr. masc. adj. lytike), able to loosen, able to dissolve; N.L. fem. adj. phosphatilytica dissolving phosphate).
Aerobic, Gram-stain-negative, non-spore-forming rods (0.6-1.0 µm in width and 2.0-3.0 µm in length) with multiple irregular crumbs on the surface when grown on a modified PVK medium amended with hydroxylapatite. Colonies grown on R2A medium for 48 h are yellowish, glossy, round and convex. Cells grow at 4-37 C and pH 5.0-8.0 (optimal growth at [28] [29] [30] C and pH 7.0-7.5). Based on API 20NE tests, nitrate reduction and oxidase are positive, while indole production and glucose fermentation are not found. Enzyme activities are positive for b-glucosidase, protease and bgalactosidase, but negative for arginine dihydrolase and urease. Carbohydrate utilization is positive for adipic acid, arabinose, glucose, malate, maltose, mannose, phenylacetic acid, 
